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@ Method of designing a post-objective type optical scanner and product made by the method. 

@ The present invention provides a method of 
designing a post-objective type optical scanner 
having an optical deflector composed of cylin- 
drical or spherical reflecting surfaces for def- 
lecting a converged light beam from a 
condensing lens by reflecting the conveiiged 
light beam as it rotates, and a compensating 
lens located in an optical path between the 
optical deflector and a scanning surface for 
converging the deflected light beam from the 
optical deflector to a point on the scanning 
surface, of which power In the sut>-scanning 
direction varies with a length from the center 
thereof in the scanning direction. The method Is 
characterized in that a scanning speed(S) de- 
fined by a scanning width on a scanning surface 
per an angle unit of rotation of the optical 
deflector is selected by exploiting a characteris- 
tic that a maximum curvature of field in the 
scanning direction drops to a minimum value In 
a certain range predetennined by a length from 
a point of deflection of the optical deflector to 
the scanning surface(L) based on a correlation 
between the scanning speed and the maximum 
curvature of field in the scanning direction. In 
the method, offset of the f-6 characteristic is 
maintained to be within ± 0.5%,and the certain 
range is expressed as 

-L<s<-L. 

60 32 




Jouve. 18. rue Saint-Denis, 75001 PARIS 




EP 0 559 423 A1 

BACKGROUND OF THE INVENTION 
(1) Field of th Invention 

5 The present invention relates to a method of designing an optical scanner used in an image forming ap- 

paratus such as a laser printer, and more particularly, to a method of designing of a post-objective type optical 
scanner wherein a converged light beam from a condensing lens is directed to an optical deflector which effects 
scanning thereof, and to a product made by the method. 

\ 

10 (2) Description of the Related Art 

An optical scanner widely used in conventional laser printers is a pre-objective type in which a condensing 
lens is placed in an optical path between a polygonal mirror and a photosensitive drum. The polygonal mirror 
is one of the optical deflectors which deflect a beam of light directed thereto and effect scanning thereof on 

15 the photosensitive drum as they rotate around the axis of rotation. The condensing lens is a lens through which 
the incident light beam is converged to a point on a scanning surface(the surface of the photosensitive drum) 
in a scanning direction, and in general, it is composed of a series of lenses. Unlike the other general purpose 
lenses, the condensing lens used in the optical scanner must hold a specific characteristic. 

It must hold a characteristic known as the f-6 characteristic : an angle of scanning is proportional to a scan- 

20 ning width. In addition, it must be capable of compensating for curvature of field both In the scanning and sub- 
scanning directions as well as the f-9 characteristic. The curvature of field is a shift of a point of convergence 
from on a plane to on a curved plane, which results in a curved image. In Fig. 1, the curvature of field in the 
scanning direction or in the sub-scanning direction with the conventional pre-objective type optical scanner is 
illustrated. 

25 As is previously explained, the condensing lens composed of a series of lenses Is placed in an optical path 
in such a way that the deflected light beam is incident thereon. Hence, it is relatively easy to design the con- 
densing lens capable of compensating for the curvature of field in both directions and f-9 characteristic. On 
the other hand, however, such compensation can not help enlarging the condensing lens, and thus aligning 
the condensing lens with a series of lenses becomes intricate, which leads to the increase of manufacturing 

30 costs. Moreover, such compensation requires a relatively long optical path, making it almost impossible to as- 
semble a smaller opticah scanner. 

Given these circumstances, actively researched and commercialized in recent years as a compact and 
inexpensive optical scanner is a post-objective type in which the condensing lens is placed in an optical path 
prior to the optical deflector. In the optical scanner of this type, as is in the pre-objective type, a capability of 

35 compensating for the curvature of field in the both directions as well as the fO characteristic is essential. 

Japanese Laid-Open Patent Application No. 1-169422 discloses one of the conventional post-objective 
type optical scanners, of which schematic view is in Fig. 2. 

Numeral 22 is a condensing lens, and a beam of incident light from a semiconductor laser 21 is converged 
to a point on the scanning surface of a photosensitive drum 26 In the scanning direction. Numeral 23 is a cyl- 

40 indrical lens with a power in the sut>-scanning direction, so that the incident light beam from the condensing 
lens 22 is converged to a point in the vicinity of a reflecting surface of a polygonal mirror 24 in the same di- 
rection. The polygonal mirror 24 is composed of cylindrical surfaces, and it effects scanning of the light beam 
from the cylindrical lens 23 directed thereto on the photosensitive drum 26 by deflecting the light beam as it 
rotates around an axis of rotation 27. Numeral 25 is a compensating lens with a power in the sub-scanning 

45 direction, so that the incident light beam from the polygonal mirror 24 is converged to a point on the scanning 
surface of the photosensitive drum 26 in the same direction. The photosensitive drum 26 is a photosensitive 
body exposed when subjected to radiation of the light beam, and numeral 27 Is the axis of rotation of the poly- 
gonal mirror 24. 

The operation of the conventional post-objective type optical scanner constructed as above is explained 
50 with referring to Figs. 3(a) and (b), wherein optical paths in planes in the scanning and sub-scanning directions 
are illustrated, respectively. 

A beam of light from the semiconductor laser 21 incident on the condensing lens 22 is converged to a point 
on the photosensitive drum 26 in the scanning direction, which is subsequentiy directed to the cylindrical lens 
23 and converged to a point in the vicinity of the reflecting surface of the polygonal minror 24 In the sub-scan- 
55 ning direction. The incident light b am from the cylindrica! lens 23 is directed to the polygonal mirror 24 which 
effects scanning thereof on the photosensitive drum 26 by defl cting the light beam as it rotates around the 
axis of rotation 27; the reflecting surfaces thereof are cylindrical, so that the compensation for the curvature 
of field in the scanning direction is completed upon the deflection. The incident light beam on the compensating 
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lens 25 from the polygonal mirror 24 is converged to a point on the photosensitive drum 26 again in the sub- 
scanning direction. 

In summary, the compensation for the curvature of field in the scanning direction is made possible by de- 
signing th surface of the polygonal mirror 24 to be a cylindrical orspherical surface instead of straight surface. 

5 while that for the curvature of field In the sub-scanning direction and f-e characteristic is made possible by 
placing the compensating lens 25 in an optical path between the polygonal mirror and scanning surface. 

In addition, the compensating lens 25 is used to compensate for a tilt of the reflecting surface of the poly- 
gonal mirror 24 by designing a point of deflection to be geometrically conjugate with'the scanning surface. 
The compensation for the curvature of field in the sub-scanning direction and f-G charactferistic is almost perfect 

10 with the compensating lens 25. However, the compensation for the curvature field in the scanning direction 
is inadequate with the polygonal mirror 24. As a matter of fact the curvature of field in the scanning direction 
is acknowledged up to 2.7 nrun. It may be possible to provide a new component to improve the compensation 
for the curvature of field in that direction, but accompanying with this, adverse effects are likely to be brought 
about on the almost perfect compensation of the curvature in the sub-scanning direction and fe characteristic. 

15 Therefore, a method of designing a post-objective type optical scanner capable of compensating the curvature 
of field in the scanning direction without adding any new component has been sought after. 

SUMMARY OF THE INVENTION 

20 The present invention has an object to propose a method of designing a small and inexpensive post- 
objective type optical scanner capable of obtaining high resolution by improving compensation for the curvature 
of field in the scanning direction without adding any new component 

The above object is fulfilled by a method of designing a post-objective type optical scanner in which a beam 
of light incident on a condensing lens is converged and subsequently deflected to effect scanning thereof on 

25 a scanning surface. The post-objective type optical scanner has an optical deflector composed of a plurality 
of cylindrical or spherical reflecting surfaces for deflecting the converged light beam from the condensing lens 
by reflecting the converged light beam as it rotates, and a compensating lens located in an optical path between 
the optical deflector and the scanning surface for converging the deflected light beam from the optical deflector 
to a point on the scanning surface, of which power in the sub-scanning direction varies with a length from the 

30 center thereof in the scanning direction. The method is characterized in that a scanning speed defined by a 
scanning width on the scanning surface per an angle unit of rotation of the optical deflector is selected by ex- 
ploiting a characteristic that a maximum curvature of field in the scanning direction drops to a minimum value 
in a certain range predetermined by a length from a point of deflection of the optical deflector to the scanning 
surface based on a correlation between the scanning speed and the maximum curvature of field in the scan- 

35 ning direction. 

In the method, the certain range may be larger than 1/60 of the length from the point of deflection of the 
optical deflector to the scanning surface, and smaller than 1/32 thereof. 
In the method, the selected scanning speed may be in the certain range. 

In the method, offset of the f-9 characteristic may be maintained to be within a range from -0.5% to 0.5%, 
40 and the certain range may be expressed as 



wherein S is the scanning speed, and L is the length from the deflecting point of the optical deflector to the 
scanning surface. 

In the method, a surface of incidence of the compensating lens may be a tone surface, and a surface there- 
of from which the light beam goes out may be an aspherical surface expressed by an equation having terms 
of quartric or more order. 

In the method, the equation having terms of quartric or more order may be expressed as 

Z = 1 ^ + AY* + BY6 + CY« + DY10 

1+Vl-(1+K)(X)2 

wherein R2, K, A, B, C, and D are constant numbers, an origin of the coordination is a vertex in the center 
of the surface of the compensating lens from which the light beam goes out Z Is an axis residing on an optical 
axis from the original to the point of deflection, and Y Is an axis passing through the origin and is parallel to 
the scanning direction. 

The present Invention has another object to provide a post-objective type optical scanner made by the 
aforementioned method. 
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The above object is fulfilled by a post-objectiv type optical scanner made by the above m thod. 

Th above method exploits the characteristic that when the scanning speed is selected to be in the range 
predetermin d by th length from the point of deflection of the optical deflector to the scanning surface, the 
curvature of field in the scanning direction drops to the minimum value. 
5 As a consequent, the method facilitates designing a post-objective type optical scanner capable of com- 

pensating for the curvature of field in the scanning direction in addition to the fO characteristic and curvature 
of field in the sub-scanning direction. 

BRIEF DESCRIPTION OF THE DRAWINGS \ 

10 

These and other objects, advantages and features of the invention will become apparent from the following 
description thereof taken in conjunction with the accompanying drawings which illustrate a specific embodi- 
ment of the invention. In the drawings: 

Fig. 1 is an illustration of the curvature of field in the scanning direction or in the sub-scanning direction; 
15 Fig. 2 is a schematic view of a conventional post-objective type optical scanner; 

Fig. 3(a) is a top-view depicting the operation of the conventional post-objective type optical scanner; 
Fig. 3(b) is a side-view depicting the operation of the conventional post-objective type optical scanner; 
Fig. 4 is a schematic view of a post-objective type optical scanner made by the method of the present in- 
vention; 

20 Fig. 5(a) is a top-view illustrating the detailed configuration of a compensating lens; 

Fig. 5(b) is a side-view illustrating the detailed configuration of the compensating lens; 
Fig. 6(a) is an optical path in the scanning direction; 
Fig. 6(b) is an optical path in the sub-scanning direction; 

Fig. 7 is a graph of the evaluation of the curvature of filed in the scanning and sub-scanning directions; 
25 Fig. 8 is a graph of the evaluation of the f8 characteristic; and 

Fig. 9 is a graph showing a correlation between a scanning speed and the curvature of field in the scanning 
direction. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

30 

A method of designing a post-objective type optical scanner capable of compensating for the curvature 
of field in the scanning and sub-scanning directions as well as the f-G characters is explained hereunder. 

In the first place, the construction of the post-objective type optical scanner is described, which is similar 
to that of the conventional one. 

35 In Fig. 4, numeral 1 is a semiconductor laser, and numeral 2 is a condensing lens through which a beam 
of light from the semiconductor laser 1 is converged to a point on the scanning surface of a photosensitive 
drum 6 in the scanning direction. Numeral 3 is a cylindrical lens with a power in the sub-scanning direction, 
so that the incident light beam from the condensing lens 2 is converged to a point in the vicinity of a reflecting 
surface of a polygonal mirror 4 in the same direction. The polygonal mirror 4 is one of the optical deflectors, 

40 and is composed of cylindrical surfaces; an inradius. i.e. a length from an axis of the rotation 7 to the center 
of its cylindrical surface, is referred to as r, and a radius of curvature is to as R. It effects scanning of the light 
beam directed thereto on the photosensitive drum 6 by deflecting the light beam as it rotates around the axis 
of rotation 7. Numeral 5 is a compensating lens having a power in the sub-scanning direction, so that the in- 
cident light beam form the polygonal mirror 4 is converged to a point on the scanning surface of the photo- 

45 sensitive drum 6 in the same direction. The photosensitive drum 6 is a photosensitive body exposed when sub- 
jected to radiation of the light beam; the effective scanning width thereof is referred to as Yo, a length from a 
point of deflection of the polygonal mirror 4 to the scanning surface to as L. a length from the surface of out- 
going(the surface from which the light beam goes out) on the optical axis to the scanning surface to as d. Nu- 
meral 7 is the axis of rotation of the polygonal mirror 4, 

50 The detailed configuration of the compensating lens 5 is illustrated in Fig. 5(a) and (b); however, it should 
be noted that the configuration shown in Fig. 4 - 5(b) is exaggerated for explanation's convenience. 

Numeral 8 is an axis of rotation which is parallel to the scanning direction and resides on a plane including 
the optical axis and parallel to the scanning direction, and numeral 9 is a point on the optical axis with a distance 
R1 to the compensating lens 5. Numeral 10 is a surface of incidence; it is a tone surface formed by scraping 

55 the compensating lens 5 rotating around the axis of rotation 8 off with an edge of a circle-shaped blade with 
a radius of R1 fixedly placed.in a plane parallel to the scanning direction with a distance of R3 from the axis 
of rotation 8. Numeral 11 is the surface of outgoing; it can be expressed by Equation (1) below, assuming that 
the optical axis and surface of outgoing inters cts at the origin in XYZ coordinates system. 
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Y2 

R2 



+ AY^ + BY« + eye + DYio (1) 



1+Vl-(1+KX^)2 

R2 is a length from the axis of rotation 8 to the end of the toric surface 10, R3 is that to an intersection of the 
optical axis and the toric surface 10. and TH is a thickness of the compensating lens 5 at the center. 

Next, the operation of the post-objective type optical scanner constructed as aboye is described with re- 
ferring to Figs. 6(a) and (b). 

A beam of incident light from the semiconductor 1 1s converged to a point on the photosensitive drum 6 in 
the scanning direction by the condensing lens 2, which is further converged to a poin\ in the vicinity of the 
reflecting surface of the polygonal mirror 4 in the sub-scanning direction by the cylindrical lens 3. The light 
beam from the cylindrical lens 3 is in turn deflected by the polygonal mirror 4 which effects scanning thereof 
on the photosensitive drum 6 as it rotates around the axis of rotation 7. The compensating lens 5 is placed in 
such a way that the point of deflection is to be geometrically conjugate with the scanning surface of the pho- 
tosensitive drum 6 in the sut>-scanning direction so as to compensate for a tilt of the surface of the polygonal 
mirror 4. As well, the surface of incidence of the compensating fens 5 is designed to be the toric surface, so 
that a characteristic thereof can be exploited for the compensation for the curvature of field in the sub-scanning 
direction - the power in the sub-scanning direction varies with a length from the center thereof in the scanning 
direction. In addition, the compensation for the f-G characteristic is made possible by designing the surface of 
outgoing to be a cylindrical surface expressed by an equation having terms of quartic or more order such as 
Equation (1). 

Finally, the process of making the post-objective type optical scanner in accordance with the method of 
the present invention is described. The method of the present Invention exploits a characteristic of the post- 
objective type optical scanner found in the course of computer simulation. Therefore, it is necessary to explain 
the characteristic to begin with. 

The characteristic exploited in the method of the present invention is that the curvature of field In the scan- 
ning direction can be controlled by a scanning speed Yo/Oo, i.e. a scanning width on the scanning surface per 
angle unit of rotation of the polygonal mirror 4 : the curvature of field in the scanning direction drops to a mini- 
mum value at a specific scanning speed. Thus, It is envisaged that if the scanning speed is selected to be in 
a certain range including such a certain scanning speed, adequate compensation for the curvature of field in 
the scanning direction will be made possible. 

The reason why the curvature of field varies in accordance with the scanning speed is because it is de^ 
termined by a variety of parameters such as r. R. and the power of the compensating lens 5 in the scanning 
direction. The fact that these parameters can be any of countless figures makes it difficult indeed to analyze 
the correlation among these parameters theoretically. However, from some experiences, it has been inferred 
that R and r are dependent on L to some extent Therefore, the inventors of the present invention placed a 
priority on an analysis of a correlation between L and scanning speed regardless of the size of the optical scan- 
ner itself. 

Further computer simulation revealed that the compensation for the curvature of field in the scanning di- 
rection was inadequate when the correlation between L and Yq/Qq did not satisfy Equation (2) below, 

32-^ < L<60*^ (2) 
00 Oo 

which is modified to 

60 Go 32 ^ ' 

Equation (3) leads to a conclusion that the compensation for the curvature of field in the scanning direction 
is inadequate when Yq/Go is outside the range from 1/60 to 1/32 of L 

There is also a precondition for the method : the offset of the f-G characteristic of the compensating lens 
5 is maintained within ±0.5 %, which is expressed as 



50 Y( 



G -^ -Y 
.0.5^-?9 100^0.5 (4) 

wherein Y is an image height in the scanning direction, i.e. a length from the intersection of the optical 
55 axis and scanning surface to a point of scanning, G Is an angle of deflection having the intersection of the optical 
axis and scanning surface to be the origin(G corresponds to an angle of rotation of the polygonal mirror 6), Yq 
is the effective scanning width in the scanning direction, and Go is a maximum angle of deflection corresponding 
toYo. 
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The process of making the post-objectiv type optical scanner is as follows: 

1) Assuming that Yq, U R, r are given constant numbers, the compensating lens 5 such that maintains a 
stable scanning speed while satisfying Equation (3) is designed(R2, R3. TH, K, A. B. C, D are determined); 
Yo, L. R. r. and d were explained with referring to Fig. 4, and R1 , R2. R3, and TH to Figs. 3(a) and (b), and 
K. A, B, C. and D are the coefficients of aspherical surfac of the compensating lens 5 expressed by Equa- 
tion (1). As a result, several compensating lenses 5 with different specifications are designed. 

2) From the scanning speeds of these compensating lenses, one scanning speed that is approximate to 
the specific scanning speed at which the curvature of field in the scanning direction drops to a minimum 
value is selected, or the specification of the compensating lens 5 may be corrected bsli^ed on the specific 
speed. 

Examples of the specifications of the compensating lens 5 determined by the computer simulation are set 
forth in Tables 1 - 4. 



TABLE 1 



Yo 


L 


R 


r 


d 


260 


230 


130 


25 


33 


R1 


R2 


R3 


TH 




679.71 


168.73 


21.04 


40 




K 


A 


B 


C 


D 


0.0 


6.264E-8 


-2.495E-12 


1.362E-16 


-1.522E-21 



TABLE 2 



Yo 


L 


R 


r 


d 


260 


230 


145 


25 


46 


R1 


R2 


R3 


TH 




708.53 


257.79 


22.10 


27 




K 


A 


B 


C 


D 


0.0 


1.004E-7 


-2.111E.12 


1.137E.16 


-8.358E-22 



TABLE 3 



Yo 


L 


R 


r 


d 


260 


230 


160 


25 


58 


R 1 


R2 


R3 


TH 




730.02 


598.76 


23.04 


15 




K 


A 


B 


C 


D 


0.0 


1.186E-8 


-3.249E-12 


1.764E-16 


-2.960E.20 



6 




EP 0 559 423 A1 



TABLE 4 



5 



10 



Yo 


L 


R 


r 


d 


220 


185 


142 


24 


52.9 


R1 


R2 


R3 


TH 




495.00 


508.20 


19.95 


17.5 




K 


A 


B 


C 


D ^ 


0.0 


2.418E-7 


-7.259E-12 


6.462E-17 


-3.539E-20 



The specific scanning speed(Yo/9o), and a ratio of the L to Yo/9o(L/(Yo/6o)), and the maxinriunfi curvature 
of field in the scanning direction(As_niax} of the compensating lens 5 of Table 1 to 4 were evaluated and the 
result are shown in Table 5. 



TABLE 5 





Yo/eo 


L/(Yo/0o) 


AS_max 


Table 1 


5.8 


39.65 


1.69 


Table 2 


6.14 


38.30 


0.51 


Table 3 


6.6 


34.85 


0.92 


Table 4 


5.1 


36.27 


1.25 



It is apparent from Table 5 that AS_max was far less than that of the conventional post-objective type opt- 
ical scanner - 2.7mm. 

In addition, the curvature of field in the both scanning directions and fO characteristic were evaluated using 
the compensating lens 5 of Table 2. and the results are shown by graphs in Figs. 7 and 8, respectively. As can 
be seen therefrom, the compensation for the curvature of field in the sub-scanning direction was adequate 
for high resolution, while the setoff of the f O characteristic is maintained within ± 0.5%, the range expressed 
by Equation (2). 

Furthermore, a correlation between the curvature of field in the scanning direction and scanning speed 
with the compensating lens of Table 2 is shown in Fig. 9 from which one can see the characteristic exploited 
in the method of the present invention. 

In the method of designing the post-objective type optical scanner of the present invention. Equation (2) 
or (3) is used, which simplifies the process of making the post-objective type optical scanner capable of conrv 
pensating for the curvature of field in the scanning direction adequately to realize high resolution if the other 
parameters concerned for the curvature of field are not taken into consWeration. 

It is well envisaged that if the other parameters concerned for the curvature of field are analyzed, the conrv 
pensation for the curvature of field in the scanning direction will be further improved. However, in effect, if only 
Equation (2) or (3) is satisfied, the post-objective type optical scanner realizes the highest resolution to date. 
Besides, such analysis Is accompanied with laborious and complicated procedures, which only results in the 
increase of manufacturing cost. 

In the preferred embodiment, the reflecting surface of the polygonal mirror 4 is designed to be cylindrical; 
however, it may be designed to be spherical, which is processed easier. The surface of outg oing does not have 
a curvature in the sub-scanning direction in the preferred embodiment, but jtmay^ a toric sjjrface. 

Although the present invention has been fully described by way of exainples with reference to the acconrv 
panying drawings, it is to be noted that various changes and modifications will be apparent to those skilled in 
the art. Therefore, unless otherwise such changes and nfK)difications depart from the scope of the present 
invention, they should b construed as being included therein. 
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Claims 

1. A method of designing a post-obj ctive type optical scanner in which a beam of light incident on a con- 
densing lens is converged and subsequ ntJy deflected to effect scanning thereof on a scanning surface 

5 having an optical deflector composed of a plurality of on of cylindrical and spherical reflecting surfaces 

for deflecting the converged light beam from the condensing lens by reflecting the converged light beam 
as it rotates, and a compensating lens located in an optical path between the optical deflector and the 
scanning surfece for converging the deflected light beam from the optical deflector to d point on the scan- 
ning surface, of which power in the sub-scanning direction varying with a length fronr\the center thereof 
10 in the scanning direction, characterized in that a scanning speed defined by a scanning width on the scan- 

ning surface per an angle unit of rotation of the optical deflector is selected by exploiting a characteristic 
that a maximum curvature of field in the scanning direction drops to a minimum value in a certain range 
predetermined by a length from a point of deflection of the optical deflector to the scanning surface based 
on a correlation between the scanning speed and the maximum curvature of field in the scanning direc- 
ts tion. 

2. Amethod of Claim 1. wherein the certain range is largerthan 1/60 of the length from the point of deflection 
of the optical deflector to the scanning surface, and smaller than 1/32 thereof. 
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3. A method of Claim 1, wherein the selected scanning speed is in said certain range. 

4. A method of Claim 1 . wherein offset of the f-0 characteristic is maintained to be within a range from -0.5% 
to 0.5%, and the certain range is expressed as 

-L<s<-L 

60 32 

wherein S Is the scanning speed, and L is t he length from the deflecting point of the optical deflector 
to the scanning surface, 

5. A method of Claim 1, wherein a surface of incidence of the compensating lens is a tone surface, and a 
surface thereof from which the light beam goes out is an aspherical surface expressed by an equation 
having terms of x^uartric or more order. 

6. A method of Claim 5. wherein the equation having terms of quartric or more order is expressed as 

Y2 

Z = ■ ^ ^ + AY^ + BY« + eye + DYio 

1H-V1-(1+K)(X)2 

wherein R2, K, A, B, C, and D are constant numbers, an origin of the coordination is a vertex in 
the center of the surface of the compensating lens from which the light beam goes out Z is an axis residing 
on an optical axis from the original to the point of deflection, and Y is an axis passing through the origin 
and is parallel to the scanning direction. 



7. A post-objective type optical scanner made by the method of Claim 1 . 

8. A post-objective type optical scanner made by the method of Oaim 2. 
45 9. A post-objective type optical scanner made by the method of Claim 3. 

10. A post-objective type optical scanner made by the method of Claim 4. 

11. A post-objective type optical scanner made by the method of Claim 5. 

12. A post-objective type optical scanner made by the method of Claim 6. 
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Fig. 5 
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